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Abstract
The article deals with the engineering technique for determining the heating time of building envelope constructions in the 
conditions of intermittent heating. The authors present the results of the calculation of the temperature field in the single-layer 
claydit outer wall, resulting from the exact solution of nonstandard heat conduction problem. To estimate the time of heating and 
thermal energy consumption for heating the multilayer envelope constructions, an approximate analytical method is developed, 
the error of which is determined by comparing with the exact solution for a single-layer wall. With the help of this method, it is 
conducted the analysis of dynamic property and energy consumption for heating of claydit external wall, insulated from the 
inside with the help of extruded polystyrene foam.
© 2016 The Authors. Published by Elsevier Ltd.
Peer-review under responsibility ofthe organizing committee of the XXV Polish – Russian – Slovak Seminar “Theoretical 
Foundation of Civil Engineering.
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1. Introduction
Intermittent heating is used in buildings heated periodically at least three days a week. According to the SP 
50.13330.2012 the condition of energy conservation on such buildings is not covered. Therefore, construction 
building envelopes of these buildings must meet hygienic and comfortable conditions on the level of thermal 
protection. Nowadays there is a wide range of construction and thermal protection materials for the construction of 
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cottages. For the construction of single-layer exterior walls of individual buildings cellular concrete, clay dite
concrete, multislot ceramic bricks of "Kerak" mark and wooden beams are widely used.
Brick walls, insulated, as a rule, outside with the insulation material and lightweight frame structures, should be 
classified as multi-layer exterior walls.
Nomenclature
Qɧ heat spent on heating wall square meter, kJ/m
2
qɨɬ the specific heat capacity of the heating system, W / m
2
ϕ dimensionless criterion of boundary heat transfer conditions
Rɧ thermal resistance, (m
2āɋ:
αɧ coefficient of heat transfer from the outer wall surface, W/(m
2āɋ
5ɤ thermal resistance of the multilayer external wall, (m2āɋ:
Ri thermal resistance of i-th layer of the external wall, (m
2āɋ:
τɜ temperature of the inner sXUIDFHRIWKHH[WHUQDOZDOOɋ
τɧ RXWGRRUDLUWHPSHUDWXUHɋ
τɜPD[ the maximum temperature of the inner surface of the external wall, corresponding to the stationary thermal 
UHJLPHɋ
ci specific heat capacity of i-th  layer of the wall, kJ/kg·g;
ρi density of  i-th layer of the external wall, kg/m3
δ i thickness of  i-layer of the external wall, m
R0 resistance to heat transfer surface of the external wall, (m
2āɋ:
α coefficient of heat transfer from the inner wall surface, W/(m2āɋ
Ԃ relative wall temperature
X dimensionless coordinate
Dn dimensionless coefficient
μu the root of the transcendental equation
Bi Biot number 
F0 Fourier number
Due to the fact that the country cottages are operated in a heated period basically only periodically, it is necessary 
to take into account the dynamic characteristics of construction building envelopes at the design of such buildings.
The processes of unsteady heat transfer through the building envelopes are much more complex and less studied 
compared with stationary. Methods for solving of unsteady heat conduction problems detailed in the works [1-5]. 
The papers [6-16] deal with the study of the thermal regime of the buildings operated in the intermittent heating 
conditions. The paper [7] provides methodology to determine the time of heating of the multilayer building 
envelopes at their initial temperature equal to the temperature of the outside air that is, in the absence of basic 
heating. 
2. An approximate analytical method for determining the time of heating the building envelopes
The authors of this article proposed an approximate analytical method for determining the time of heating the 
multilayer building envelopes operated under variable conditions of heating loads.
According to [7] the formula for determining the wall heating time is as follows
ϕ
ϕ
τ
+
+
=
1
21
2
ɨɬ
ɧ
ɧ q
Q
, (1)
The value ϕ is determined by the following formula
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The formula (1) determines the heating time of building envelopes construction to a relative excess of its inner 
surface temperature equal to 0.95.
The relative excess temperature is determined by the formula
ɧɜ
ɧɜ
ɜ ττ
ττ
−
−
=Θ
max
, (3)
Figure 1 shows a schematic representation of unsteady heat transfer process through the 3-hsloynuyu external 
wall in the presence of basic heating. Let us mark trough 1ɜt the temperature of internal air when basic heating is 
turned on, through 2ɜt at rated heating mode. 
Temperatures 1ɜτ , 1τ , 2τ , 3τ are for stationary heating mode, temperatures 2ɜτ , '1τ , '2τ , '3τ - calculated 
stationary mode.
Fig. 1. Schematization of unsteady heat transfer through a double-layer external wall.
We define specific consumption of thermal energy for heating of the multilayer external wall with the basic 
heating. The formula is
1
n
ɧ L L L L
i
Q c ρ δ τ
=
= ⋅ ⋅ ⋅Δ∑ . (4)
The temperature change of i-wall layer from the formula 
1
2 1
2 1
1 10
2
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i i
ɜ ɜ
i ɜ ɜ L L
i iɜ
t t
t t R R
R
τ
α
−
= =
⎛ ⎞
−Δ = − − + +⎜ ⎟⎝ ⎠∑ ∑ . (5)
For a uniform exterior wall is recommended to determine the change in its temperature by the formula
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In the absence of basic heating of the formula (5) and (6) can be used, replacing the temperature 1ɜt with the 
temperature of outdoor air ɧt .
To assess the reliability of the determination of the time of heating the building envelopes structures, we 
determine the time of a single-layer wall heating according to the formula (1) with the above approximate analytical 
method, and compare with the exact solution of the same problem. 
To find the exact value of the heating time of single-layer external wall we use the analytical solution of unsteady 
heat conduction problem for a one-way heat from the heating system, given in the paper [8].
According to [8] the analytical dependence for determining the relative wall temperature is:
[ ] 2
1
( , ) 1 cos (1 ) exp( )ii i n ɢ ɢ F
n
K
X K X K D X F
Bi
ϑ τ μ μ
∞
=
= + + − − − ⋅∑ , (7)
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3. The results of the calculation of heating process of the external wall
The calculation of the formula (7) was made for a single-layer external wall designed as a brickwork with hollow 
claydit blocks on cement-sand mortar, thermal characteristics of which were taken from the company standard 
"Claydit building envelopes constructions and structures" STO-NO "SPKiK" -001 -2015.
The following inputs have been taken at calculating: δ =0,39 m; c =840 J/kg·g; ρ =800 kg/m3; λ =0,24 
W/(m·ºɋ); ɜα =8,7 W/(m
2·ºɋ); ɧα =23 W/(m
2·ºɋ); ɧt =-30 ºɋ; ɜt =22 ºɋ.
The calculation results are presented in Figure 2 as the dependence of the internal surface temperature of the wall 
on time. Two curves are presented for comparison in the above figure. Curve 1 was obtained for the case of a
regular mode of heating, using only one root 1μ of the transcendental equation, curve 2 - using the six terms of the 
series.
Fig. 2. The dependence of the inner surface temperature of the walls on time.
Therefore, from the formula (7), where ɏ=1, we obtain an expression for the time of heating of the external wall 
to a predetermined temperature
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For a given value of the dimensionless temperature ɜΘ the value of the relative temperature ),1( τϑ can be 
determined from the formula 
0 0
(1, ) 1 1 ɜɜ ɜ
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(9)
Heating time of a single-layer external wall with the analytical method according to the formula (1) where
ɋ30-= °ɧt , is 128 hours, which is 10 hours less in comparison with the exact solution. Consequently, error of the 
method was 7.2%.
With the help of the developed analytical method, the calculation of the thermal insulation of external walls 
(shown in Figures 3 and 4) was performed.
Fig. 3. The design of the external wall, insulated on the inside with penoplex.1 – gympsum board (ȡ1=800 kg/ɦ3; Ȝ1=0,19 W/(m·ºɋ); c1=0,84 
kJ/kg·g); 2 – penoplex (ȡ2=30 kg/m3; Ȝ2=0,03 W/(ɦ·ºɋ); c2 =1,34 kJ/kg·g); 3 – masonry of claydit blocks on cement-sand mortar  (ȡ3=800 
kg/m3; Ȝ3=0,24 W/(m·ºɋ); c3=0,84 kJ/kg·g).
Fig. 4. The design of the external wall, insulated on the outside with penoplex 1 –cement-sand mortar  (ȡ1=1800 kg/ɦ3; Ȝ1=0,76 W/(m·ºɋ); 
c1=0,84 kJ/kg·g); 2 – masonry of claydit blocks on cement-sand mortar (ȡ2=800 kg/m3; Ȝ2=0,24 W/(ɦ·ºɋ); c2=0,84 kJ/kg·g); 3 – penoplex 
(ȡ3=30 kg/m3; Ȝ3=0,03 W/(ɦ·ºɋ); c3=1,34 kJ/kg·g); 4 – cement-sand mortar  (ȡ4=1800 kg/m3; Ȝ4=0,76 W/(m·ºɋ); c4=0,84 kJ/kg·g)
When performing the heat engineering calculation, the values of indoor air temperature during basic heating  1ɜt
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= 10 ºɋ were assumed, at design mode - 2ɜt = 22 ºɋ.
Inner heat insulation of a claydit wall led to the reduction of energy consumption for its heating for about 1.5 
times, and the heating time - 8.9 hours. With the outer insulation of the external wall the energy consumption for its 
heating, and the heating time substantially increase.
4. Conclusions
An approximate analytical method for determining the specific energy consumption and time of heating of the 
multilayer envelopes constructions operated under intermittent heating of buildings is developed. The paper shows 
the estimation of the proposed method error by comparing with the exact solution obtained for a single-layer 
external wall. The error is not more than 8%.
Presented in Table 1 of the calculation process of heating for three variants of external walls have shown that the 
minimum values of specific energy consumption and the heating time is insulated inside using penoplex claydit 
external wall.
Designed approximate analytical method is recommended to use in the selection of design solutions of individual 
buildings operated under intermittent heating.
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